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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause
serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using
laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and
phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes
in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant
decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day
tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most
profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue
fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses
suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
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Introduction
The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),
has been extensively used for over 100 years, and this
persistent toxic organic compound has resulted in soil
contamination and environmental problems at many
former explosives and ammunition plants, as well as
military areas (Stenuit, Agathos 2010). TNT has been
reported to have mutagenic and carcinogenic potential
in studies with several organisms, including bacteria
(Lachance et al. 1999), which has led environmental
agencies to declare a high priority for its removal from
soils (van Dillewijn et al. 2007).
Both bacteria and fungi have been shown to
possess the capacity to degrade TNT (Kalderis et al.
2011). Bacteria may degrade TNT under aerobic or
anaerobic conditions directly (TNT is source of carbon
and/or nitrogen) or via co-metabolism where addi-
tional substrates are needed (Rylott et al. 2011). Fungi
degrade TNT via the actions of nonspecific extracel-
lular enzymes and for production of these enzymes
growth substrates (cellulose, lignin) are needed. Con-
trary to bioremediation technologies using bacteria or
bioaugmentation, fungal bioremediation requires
an ex situ approach instead of in situ treatment (i.e.
soil is excavated, homogenised and supplemented
with nutrients) (Baldrian 2008). This limits applicabil-
ity of bioremediation of TNT by fungi in situ at a field
scale.
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the International Biochar conference 2015 at Geisenheim 
University (Germany), which was the final conference of 
the COST Action TD1107. The conference aimed at un-
derstanding biochar mechanisms, which are crucial for 
beneficial and safe biochar technology implementation. 
Nine articles, covering the main aspects of the 
conference session topics as well as major results of the 
COST Action are presented. Tammeorg et al. (2017, this 
issue) explored the current level of scientific understand-
ing regarding the consequences of biochar application to 
soil and presented five broa  thematic areas of biochar 
research: soil biodiversity a d ecotoxicology, soil or-
ganic matt r and greenhouse gas (GHG) emissions, soil 
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abstract. The articles appearing in this special issue on Biochar as an Option for Sust inable Resource Man gement 
are mainly the exte ded versions of the contributions presented in Biochar COS  Action meetings, especially at the 
International Biochar conference held September 2015 at Geisenheim University (Germany), which was the final con-
ference of the COST Actio  TD1107.
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The Biochar COST Action (TD1107) was initiated by 
Jürgen Kern, Claudia Kammann and Bruno Glaser, mainly 
with the goals to minimize fragmented biochar research 
and technology development across Europe and to ac-
celerate implementation of proper biochar technologies 
within Europe. 
The articles appearing in this special issue on Bio-
char as an Option for Sustainable Resource Management 
are the extended versions of the contributions presented 
at various meetings during the EU COST Action TD1107 
such as a meeting on identification of research gaps held 
in Aveiro (Portugal), a meeting on biochar as option to 
replace peat in growing media held in Tartu (Estonia) and 
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physical properties, nutrient cycles and crop production, 
and soil remediation. The highest future research pri-
orities regarding biochar’s effects in soils were functional 
redundancy within soil microbial communities, bioavail-
ability of biochar’s contaminants to soil biota, soil organic 
matter stability, GHG emissions, soil formation, soil hy-
drology, nutrient cycling due to microbial priming as well 
as altered rhizosphere ecology, and soil pH buffering ca-
pacity. 
Peat soils represent the highest concentrations of or-
ganic matter in all soils. Currently, the area of peatland in 
the European Union is more than 318 000 km2, mainly in 
the Northern parts. At the global level, peatlands hold at 
least 1/5 of the total soil carbon pool, which is equivalent 
to approximately half the amount of CO2 in the atmo-
sphere. Peat is widely used as a high quality substrate for 
growing media in horticulture. Due to unsustainable peat 
extraction damaging peatland ecosystems, a large extent 
of peatlands in Central and South Europe is rapidly disap-
pearing. The disturbed peatlands are becoming a source 
of greenhouse gases due to drainage and excavation. Kern 
et al. (2017, this issue) suggested that biochar might play 
a more important role in replacing peat in growing me-
dia, but such biochar should be available, meet the quality 
requirements, and its use must be economically feasible. 
First positive results from laboratory and greenhouse ex-
periments have been reported with biochar content in 
growing media ranging up to 50%. When addressing the 
effect of biochar on plant health and the suppression of 
diseases, Frenkel et al. (2017, this issue) concluded that 
biochar may have also positive effects on plant health even 
at low concentrations below 1% by suppressing several 
diseases. For use as horticultural peat replacement, it was 
recommended that biochar feedstocks and concentrations 
must be standardized and the potential effect of biochar 
on plant disease should be considered, so that growers can 
rely on consistent and reproducible biochars for desired 
effects.
It is known that agriculture and land use change has 
significantly increased atmospheric emissions of the non-
CO2 greenhouse gases (GHG) nitrous oxide (N2O) and 
methane (CH4). Since human nutritional and bioenergy 
needs continue to increase, at a shrinking global land area 
for production, novel land management strategies are re-
quired that reduce the GHG footprint per unit of yield. 
Kammann et  al. (2017, this issue) reviewed the current 
state of knowledge on the potential of biochar to reduce 
N2O and CH4 emissions from agricultural practices in-
cluding potential mechanisms behind observed effects. 
The researchers identified several under-explored fields of 
research for using biochar to reduce farming-related GHG 
emissions, including the use of biochar as fertilizer carrier, 
in manure treatment or animal feeding. They concluded 
that the largest future research needs are lifecycle GHG 
assessments when using biochar as an on-farm manage-
ment tool for nutrient-rich biomass waste streams.
As shown by Latawiec et  al. (2017, this issue), the 
positive effect of biochar among potential climate change 
mitigation strategies could be particularly relevant for 
countries with limited alternatives. Scaling up a mitiga-
tion technology that is viable on account of its co-benefits 
might be cost-effective, which could, in turn, adjust na-
tional perspectives and stronger involvement in develop-
ing mitigation policies at the regional level. Biochar has 
much promise in temperate conditions and further re-
search should therefore be assigned to explore biochar’s 
environmental and socio-economic impacts. 
When discussing the option of biochar technolo-
gies, Hilber et al. (2017, this issue) stressed that biochar 
itself can contain organic contaminants such as polycyclic 
aromatic hydrocarbons or heavy metals. As the distribu-
tion coefficients of biochar especially for contaminants 
are high, the freely dissolved concentrations are low and 
with that also the bioavailability. The biochar’s potential to 
remediate contaminated soils has mainly been addressed 
in laboratory studies, but rarely in the field. Many studies 
reported successful immobilization of contaminants but 
some not, therefore, the ambivalent face of the biochar 
with regard to contaminants prevails. 
The representativeness of European biochar research 
was analyzed by Verheijen et al. (2017, this issue) for field 
experiments (Part I) and Sakrabani et al. (2017, this issue) 
for pot and laboratory experiments (Part II). The focus has 
been how representatively has each pot or field experiment 
been compared to existing variations in soil types, climate, 
vegetation etc, so that this can be used to identify gaps in 
which research is lacking. As suggested for future research, 
Verheijen et al. (2017, this issue) observed that biochar use 
for soil contamination and remediation was the least repre-
sented theme and the potential of different biochars for re-
mediation of contaminants need more research attention. 
Sakrabani et al. (2017, this issue) suggested to contextualize 
the effects of biochar on soil properties.
For the sustainable use and application of biochar, 
most researchers pointed out the need to to standardize 
analytical biochar characterization, to match biochar types 
with its intended use and to harmonize the related legisla-
tion accordingly. In the opinion of Meyer et al. (2017, this 
issue), the national and supranational legislation in the EU 
is not yet adequately prepared to regulate both the produc-
tion and the application of biochar. Driven by this “regula-
tory gap”, voluntary biochar quality standards have been 
formed in Europe with the European Biochar Certificate, 
in the UK with the Biochar Quality Mandate and in the 
USA with the International Biochar Initiative Standards, 
which is intended to be used internationally. In parallel 
to this, biochar producers and biochar users in a number 
of EU countries were partly successful in fitting the new 
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biochar product into the existing national legislation for 
fertilisers, soil improvers and composts. The intended re-
vision of the EC Regulation 2003/2003 on fertilisers offers 
the opportunity to regulate the use of biochar at the EU 
level. It was suggested to carry out systematic research to 
use suitable biochar quality grades for different soil ap-
plication purposes. Such systematic research could also 
be useful for the development of the quality grades for 
the broader use of biochar (e.g. environmental protection 
technologies).
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